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ABSTRACT 
 Overweight among preschool age children has increased at a rapid rate and is 
becoming a worldwide epidemic.  Previous research suggests that overweight children are 
less active and have poorer motor skills than children of normal weight.  The objective of this 
study was to assess motor skill and physical activity in low-income overweight and normal 
weight preschool children (ages 3-5 years) and determine the influence, if any, preschool 
activity policy had on children’s activity levels. 
      Data were collected at low-income preschool centers (n =5) in the state of Iowa.  
Children (n =77) ages three to four years were included in the sample.  A sub sample was 
created of normal weight (n=21) and overweight (n =25) children based on CDC BMI 
percentile.  Assessment of body composition (skinfold measurements), physical activity 
levels (accelerometer counts and observed intensity) and motor skill competency (TGMD-2 
process assessment and outcome measures) were completed with the sub sample.  The 
preschool center’s physical activity policy was also reviewed using a policy checklist and 
teacher interviews.  
      One-way ANOVA’s for BMI classified weight groups and gender failed to produce 
significant results for physical activity and motor skill variables. Trends were found in 
accelerometer counts when groups were based on sum of skinfold measurements rather than 
BMI.  The correlation between BMI percentile and sum of skinfolds was low (r(46)= .42, 
p=.004)  and suggested that over one-third of the children were placed in the wrong weight 
group (inconsistently classified). Trends were also found in accelerometer counts, observed 
intensity levels and locomotor TGMD-2 scores when groups were based on agreement 
between BMI percentile and sum of skinfold.  These trends showed small shifts in 
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confidence intervals between groups and small effect sizes.  Generally, overweight preschool 
children appear to have the same activity levels and motor skill proficiency as their normal 
weight peers as determined by small effect sizes and confidence intervals.  Of the 
inconsistently classified children, those who had high BMI’s and low sum of skinfolds were 
better at locomotor skills that involved power (i.e. run, leap, throw, kick) when compare to 
children with low BMI’s and high sum of skinfolds. There was little variability in the 
preschool activity policies, and the strength of preschool policy had no effect on children’s 
activity levels or motor skills.  Based on these finding, BMI may lack validity as a means of 
classifying obesity in young children.  
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CHAPTER 1. REVIEW OF LITERATURE 
1.1 Introduction 
 Most parents of young children are worried about their children getting the flu, 
chicken pox or pink eye; health problems frequently spread at child care facilities.  What 
parents might not realize is that obesity has become one of the greatest health risks for low-
income preschoolers in Iowa.  According to the National Pediatric Nutrition Surveillance 
(PedNSS) report, 32.1% of Iowa’s low-income children ages 2-5 are overweight or at risk for 
overweight, while the national average is 30.4% (Polhamus, Thompson, Dalenius, Boreland, 
Smith & Grummer-Strawn, 2006).  Young children in Iowa classified as overweight have 
increased from 11.5% in 2002 to 14.3% in 2004, and that isn’t including additional children 
classified as at risk for overweight (Center for Disease Control, 2006).  Nationally, 3.8% 
more preschoolers were overweight in 2004 than were overweight in 1995 (Polhamus et. al., 
2006). 
 Overweight patterns seen in preschoolers are alarming.  A CDC report found that 
weight increases faster during age four than any other time in early childhood (Mei, Scanlon, 
Grummer-Strawn, Freedman, Yip & Trowbridge, 1998).   This pattern in young children may 
have negative consequences for the future.  Children who are overweight are likely to remain 
overweight into adulthood.  In a review of the literature on the relationship between obesity 
in childhood and adulthood, researchers found that around one third of preschoolers and one 
half of children who were obese became obese adults (Serdula, Ivery, Coates, Freedman, 
Williamson & Byers,1993).   
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 Childhood obesity also influences maturation rates, with overweight males and 
females both experiencing early onset of puberty.  Research has indicated that females with 
high body fat composition at three years of age have an earlier onset of puberty, and females 
that have a high rate of weight gain from age three-to-six years also experience earlier onset 
of puberty (Lee, Appugliese, Kaciroti, Corwyn, Bradley & Lumeng, 2007).  This early onset 
may be associated with the hormone Lepton.  The amount of Lepton in the body is positively 
correlated with body weight, and blood Lepton counts have been found to increase by 50% 
immediately before the onset of puberty (Slyper, 1998). Thus, overweight children have an 
increase of Lepton levels, triggering puberty.  In males, severe obesity can also suppress the 
onset of puberty.    
 While obesity affects puberty, it also affects other physical functions in children.  
Obese children have impaired glucose tolerance leading to diabetes (Slyper, 1998).  
Obstructive sleep apnea is also common in overweight children, with studies indicating that 
around 17% of overweight children suffer from the disease (Slyper, 1998).  For children, 
disruptions in sleep patterns are also associated with declines in academics and other 
activities. 
 Obesity in young children is a significant public health problem with negative 
consequences, but the relationship between factors causing obesity remains unknown.  Most 
obesity is a result of poor energy balance (Deitz, 2004).  Energy balance refers to energy 
intake and energy expenditure, which need to be equal in order to maintain a healthy body 
weight.  Nutrition is a measure of energy intake, while physical activity is a measure of 
energy expenditure.  In a study reporting a longitudinal analysis of weight gain in preschool 
children, modifiable variables including diet and physical activity accounted for 22.9% of the 
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variability in BMI change over 2 years (Klesges, Klesges, Eck & Shelton, 1995).  Both 
nutrition and physical activity are very important factors in childhood obesity, but the focus 
of this study is on one side of the equation: physical activity.   
 Physical activity in preschoolers is influenced by several factors.  Motor skills are 
learned during early childhood and may affect levels of physical activity and thereby obesity 
in preschoolers.  Preschool programming and policy may also influence physical activity 
opportunity, as more children spend time in preschools and day care centers.  This paints a 
complicated picture of the factors that influence physical activity and obesity in young 
children.  The following sections focus on the influencing factors in three categories: 
physical activity (including the relationship between physical activity and preschool policy), 
motor skills, and the relationship between physical activity and motor skills.  Once a 
relationship between overweight, physical activity level, physical activity policy and motor 
skill development is understood, intervention programs can be specifically designed to target 
low-income pre-school children and reverse the trend of overweight in this population.   
1.2 Physical Activity 
 Lack of physical activity is a health risk predictor.  Health benefits are associated 
with physically active lifestyles, even in children.  In obese children, physical activity 
reduces body adiposity.  Aerobic activity has been associated with decreased blood pressure 
in hypertensive children.  Skeletal health, including bone density and bone mineral content, 
also improves with moderate weight-bearing physical activity (National Academy of 
Sciences, 2007).  While preschool children remain generally unstudied, the affects of 
physical activity on children is likely to begin during early childhood.  Sedentary behavior in 
preschoolers has been linked to obesity.  Nelson, Carpenter, and Chiasson (2006) found the 
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strongest predictors of overweight in two-to-four year old children were low levels of 
physical activity and significant amounts of time in front of the television. 
 The National Association for Sport and Physical Education (NASPE) guidelines 
suggest that preschool children ages three-to-five years should receive at least 60 minutes of 
structured physical activity and 60 minutes of unstructured physical activity a day; a total of 
120 minutes of physical activity each day (National Association for Sport and Physical 
Education, 2002).  One study on three-to-five year olds attending preschools found that 
preschool children spend less than one hour (7.7min/hour) in moderate physical activity 
while in the preschool setting (Pate, Pfeiffer, Trost, Ziegler & Dowda, 2004).  Another study 
found that low-income preschool children between the ages of two-and-four years spend 
twice as much time in front of the television as engaging in physical activity (Nelson et. al., 
2006).  Young children are becoming more sedentary as indicated by decreasing physical 
activity levels.  Young children are not getting enough activity, and this trend can be seen 
throughout childhood.  A survey found that 22.6% of children ages 9-to-13 do not participate 
in any free time physical activity, and 61.5% do not participate in organized physical activity 
(Center for Disease Control, 2003). 
 The amount of physical activity in which preschool children engage is influenced by 
demographic and environmental factors.  Young boys participate in greater amounts of 
moderate and vigorous physical activity that do young girls (Finn, Johannsen & Specker, 
2002; Jackson, Reilly, Kelly, Montgomery, Grant & Paton, 2003; McKenzie, Sallis, Nader, 
Broyles & Nelson, 1992; Pate et. al., 2004).  Gender difference is an important factor in 
physical activity levels, but to narrow the scope, this paper will focus on overweight or at risk 
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for overweight, socioeconomic status, and preschool policy and their influence on physical 
activity. 
1.2.1 Overweight or At Risk for Overweight 
 Children who are overweight may be more likely to choose activities other than 
physical activity.  Trost, Sirard, Dowda and Pate (2003) found that overweight boys age three 
to five participated in less physical activity than their normal weight peers, while overweight 
girls of the same age showed no difference in physical activity when compared to their peers.  
While more research is needed on young children in this area, this trend has also been seen in 
older children.  Studies have shown an association between high BMI and lower activity 
levels when compared to activity levels of children with lower BMI (Trost, Kerr, Ward & 
Pate, 2001; Wrotniak, Epstein, Dorn, Jones & Kondilis, 2006).  This pattern suggests a 
relationship to future inactivity in adolescents and adulthood and further gains in adiposity 
due to lack of activity. 
1.2.2 Socioeconomic Status 
 Socioeconomic status, including household income, has been found to be a good 
predictor of adult physical activity (Ford, Merritt, Heath, Powell, Washburn & Kriska, 1991). 
Evidence of this relationship in the preschool population is limited, and research conducted 
with older children has contradictory results.  Troiano and Flegal (1998) found a weak 
inverse relationship between overweight and household income in white adolescents, but the 
same was not found in black and Mexican-American adolescents.  In a longitudinal study 
following children from birth to age eight, researchers reported that children were 
significantly more likely to be obese by age six if they lived in households with nonworking 
parents, nonprofessional parents, single mothers, or mothers that did not complete high 
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school (Strauss & Knight, 1999).  Yet Kelly, Reilly, Fisher, Montgomery, Williamson, 
McColl, Paton and Grant (2006) documented no significance of socioeconomic status on 
participation in physical activity in children.  Further research should focus on the role of 
socioeconomic status on physical activity participation in preschool children.   
1.2.3 Preschool Policy 
 Some young children spend most of their day in preschools; therefore it is important 
to understand how preschool settings influence physical activity.  Little research had been 
completed in this area, but what has been done shows that the preschool a child attends 
affects his/her physical activity levels.  Finn et al. (2002) found that preschool attended 
explained 46% of the variance in physical activity counts in their study.  In another study, 
preschool attended accounted for 43.3% of the variance in physical activity, which was more 
than any demographic variable in the study (Pate et al., 2004). Preschool practices and 
policies, as well as indoor space, play equipment, and outdoor play area all factor into the 
preschool activity equation.  Preschool center’s policy can dramatically influence the amount 
of physical activity children receive and therefore is important to consider when exploring 
physical activity in young children. 
1.3 Motor Skills 
 Motor skills are the foundation for movement in all children.  As motor development 
occurs, children are able to participate in physical activity.  Gender differences in motor 
skills occur as early as the preschool years (Thomas & French, 1985). Boys were found to 
throw farther than girls.  Gender is important in preschool motor skills, but age appears to be 
more highly connected to performance of motor skills.  In preschool children, motor skills 
improve with age in a linear pattern (Morris, Williams, Atwater & Wilmore, 1982). 
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 Age and gender influence motor skills in preschoolers, but does body composition 
also influence motor skills?  While research is scarce on the relationship between motor skill 
and body composition in preschoolers, studies have found BMI to be correlated with motor 
skills in older children.  Wrotniak, Epstein, Dorn, Jones, and Kondilis (2006) found that 
children ages eight-to-ten years who had high BMI scores had poorer motor proficiency.  
Another study, measuring fundamental movement skills in children grades 4-10, found that 
overweight students were twice as likely to be in the lowest quintile for motor skills as were 
their normal weight peers.  BMI was inversely related to proficiency in fundamental 
movement skills (Okely, Booth & Chey, 2004).   
1.4 Physical Activity and Motor Skill 
 The interaction between physical activity and motor skills is a key element in 
understanding the factors that contribute to overweight in preschoolers.  Children may have 
poor motor skills, and as a result many demonstrate lower amounts of physical activity.  
Conversely, they may participate in low amounts of physical activity, and as a result have 
under developed motor skills.  There is probably a relationship between motor skills and 
physical activity; however it is unknown at this time whether the relationship is causal and if 
so, in what direction.   A low correlation (.1) between physical activity and motor skill was 
found in a study by Fisher, Reilly, Kelly, Montgomery, Williamson and Paton and Grant. 
(2006).  The children that spent more time participating in moderate to vigorous physical 
activity tended to have higher fundamental motor skill scores.  Another study conducted by 
Reilly, Kelly, Montgomery, Williamson, Fisher, McColl, Lo Conte, Paton, and Grant (2006) 
found that preschool children who participated in a physical activity intervention showed 
improvements in motor skills.  This trend was also documented in eight-to-ten year olds by 
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Wortniak et. al (2006), finding motor proficiency to be positively associated with physical 
activity. 
 Obesity is associated with physical inactivity and motor skills, and one study 
measured the association between all three variables; obesity, physical activity and motor 
skills.  Graf, Kock, Kretschmann-Kandel, Falkowski, Chirst, Coburger, Lehmacher, 
Bjarnason-Wehrens, Platen, Tpkarski, Predel, and Dordel (2004) studied the association 
between BMI, motor skills and leisure habits in children (mean age 6 years).  Although 
leisure habits are different than physical activity levels, the questionnaire used in this study 
measured time spent in sport activity and time spent viewing television, therefore some 
relation can be inferred.  The researchers found high BMI scores to be associated with poor 
gross motor performance, and active lifestyle habits were positively associated with better 
gross motor performance.  A recent study observed fundamental motor skills and physical 
activity based on weight status in 9-12 year old children (Hume, Okely, Bagley, Telford, 
Booth, Crawford & Salmon, 2008).  They found no significant interaction between the three 
variables.   
 Thus, research supports the connection between physical activity, overweight, motor 
skill and preschool policy, but the significance remains unknown.  Although research is 
scarce on preschool children, much has been done on childhood obesity. It is important to 
understand the impact of physical activity levels and motor skills throughout the lifespan, and 
preschool children are the starting point.  (Stodden, Goodway, Langendorfer, Roberton, 
Rudisill & Garcia, 2008).  Research focused on the factors that influence preschool obesity 
could lead to interventions to reverse this trend.   
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 My long term goal is to understand what role, if any, motor skill development and 
physical activity have in reducing obesity in children.  The objective of this study was to 
assess BMI, skinfolds, motor skill and physical activity in low-income preschool children 
(ages 3-5 years) and relate these to the physical activity policies in their preschool program.  
The central hypothesis was that overweight children will have lower physical activity levels 
and poorer motor skills as compared to physical activity levels and motor skill of children of 
normal weight.  Further, children attending preschool programs with strong physical activity 
policies will be more active than children attending programs with no policy or a weak 
policy. The rationale for this study was that once a relationship between obesity, physical 
activity level, physical activity policy and motor skill development is understood, 
intervention programs can be specifically designed to target low-income pre-school children 
and reverse the trend of overweight in this population.   
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CHAPTER 2.  METHODS AND PROCEDURES 
2.1 Participants 
 Low income children between the ages of three and five years were recruited from 
preschool programs in Iowa for this study.  At the time of testing, the children were at least 
three years old and not yet five years of age. Using data from the WIC program, preschools 
were chosen from counties with high populations of low-income (a family of four can not 
make over $37,000 annually) overweight children (PedNSS).  Data from the WIC program 
includes county-by-county analysis of income levels and weight status of all children in the 
program.  Several counties in Iowa have high percentages (above 32% of low-income 2-5 
year olds) of low-income overweight preschool children; these were target counties for this 
study.  Preschool programs serving low-income families in these target counties were 
identified and contacted for recruitment with assistance from the Iowa Department of Public 
Health and regional child care nurse consultants.  Preschool centers included in the study 
were from three counties (Crawford County, Webster County and Franklin County).  All 
three counties had percentages of low-income overweight children that were higher than the 
Iowa state average (32.1%).  Crawford County had 40.7% and ranked third highest in the 
state (out of 99 counties), Webster County had 34.4% and ranked 16th, and Franklin County 
had 32.8% and ranked 29th.  The Iowa Department of Public Health selected these counties 
and preschool centers based upon willingness to participate and geographic location.     
 Before the research process was started, the study was approved by the Iowa State 
University Institutional Review Board. Consent of preschool administrators and teachers was 
obtained and recruitment information was distributed to parents of all children between three 
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to five years of age at the preschools selected.  Informed consent was obtained from parents 
of all participating children.  At the conclusion of the study, each center received children’s 
books and playground balls as compensation for participating in the study. 
 The number of participants needed to find significant differences was established as 
20 children per group (40 children total), based on averaged effect size of  boys and girls 
motor skill scores (Morris, Williams, Atwater & Wilmore, 1982) and from effect size of 
overweight and non overweight preschool physical activity levels (Trost, Sirard, Dowda, 
Pfeiffer & Pate, 2003).  The children were not matched within the two groups based on 
gender and age.  The total number of participants (n=77) in the sample at all five centers, was 
the sum of children with signed consent, and who were present and willing to participate on 
the day of testing.  At each center, height and weight were measured and converted to a BMI 
percentile.  BMI percentile was used to determine the sub sample group.  If the child’s BMI 
percentile was > 85, the child was placed in the overweight category of the sub sample.  If 
the child’s BMI percentile was 32-60, the child was placed in the normal weight category of 
the sub sample.  The “normal” range had to be expanded from the 40th-60th percentile to 32nd-
60th percentile in order to balance the overweight and normal weight groups within centers.  
Some centers had few children between the 40th and 60th percentile.  The children whose 
BMI was <31 or from 61-84 were not included in the sub sample. Data, including skinfold 
measurements, physical activity testing and motor skill testing, was collected on children in 
the sub sample.  The total number of children in this group was 47 (Table 1). 
 Nine children in the sub sample have partial data for several reasons.  At three 
centers, physical activity data collection had to be rescheduled for a later date due to 
inclement weather on the first scheduled data collection date.  Four children are missing 
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physical activity data because they were absent on the second data collection day.  Two 
children are missing accelerometer data because their accelerometers malfunctioned during 
physical activity data collection.  One child is missing abdominal skinfold data because 
he/she refused to participate.  One child is missing motor skills data on run, hop, leap, jump, 
slide, gallop, throw and strike because he/she refused to participate.  Lastly, one child is 
missing skinfold measurements and motor skill data because he/she was picked up from the 
center prior to the conclusion of data collection. 
2.2 Instrumentation 
2.2.1 Assessment of Body Composition 
 Overweight status was assessed using body mass index (BMI).  Standing stature and 
body weight was recorded twice for each child in light-weight clothing and no shoes, with 
the average of the two scores used to calculate BMI percentile using the formula: weight (lb)/ 
height (in)/ height (in) * 703.  The outcome was then cross referenced with the CDC 
calculator that converts BMI to percentiles based on age and gender to be sure the BMI 
percentile was accurate.  Correlations between BMI and percent body fat in children are 
between .71 and .82 (Goran, Driscoll, Johnson, Nagy & Hunter, 1996).  Children at risk for 
overweight/overweight had a BMI > 85%.  Normal weight children had BMI’s close to the 
50th percentile; between 32%-60%. 
 Body composition was also assessed on selected participants using skinfold 
measurements. The skinfold sights were medial calf, triceps and abdominal.  A trained tester 
completed skinfolds using techniques in Lohman, Roche and Martorell (1988).  Three 
measurements were taken at each sight for each participant.  The median measure was used 
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for each site.  Lange calipers were used and were calibrated using a calibrating stone before 
and after each participant was measured.   
2.2.2 Process Assessment of Motor Skills 
 The Test of Gross Motor Development 2 (TGMD-2) was used to assess the 
qualitative (process) aspects of motor skills (Ulrich, 2000).  The test involved assessment of 
locomotor (run, hop, leap, slide, gallop and jump) and manipulative (throw, catch, dribble, 
roll, kick and strike) motor skills using a rating scale designed for each skill.  Each skill had 
three to five components that were rated as present or absent on each of two trials.  A point 
was assigned for each aspect of the skill that is present across the two trials for scores 
ranging from 0-10.  The construct validity of the TGMD-2 has been reported to be .81 to .87.  
Reliability for the TGMD-2 is in excess of .8 with one exception, the locomotor subtest for 8 
year olds (Ulrich, 2000).  A sample scoring sheet for the TGMD-2 is included in Appendix 
A.   
2.2.3 Outcome Assessment of Motor Skills  
 In addition to the qualitative (process) analysis of motor skills, an outcomes 
assessment was completed.  Process and outcomes assessments are separate but not 
unrelated, and were completed to insure that the participant’s motor skill levels are captured.  
Outcomes assessments focused on distance, duration or speed of each motor skill.  The 
TGMD-2 and outcome measurements were conducted at the same time when possible.  For 
example, a child was asked to run 50 feet.  One researcher conducted the process assessment 
(TGMD-2 checklist), while another researcher conducted the outcome assessment (time to 
run 50 feet).  Exceptions to this included the overhand throw and hop tests. For the overhand 
throw, the child threw at a wall for the TGMD-2, and threw for distance for the outcome 
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measure. For the hop test, the child was asked to hop three times for the TGMD-2, and asked 
to hop as many times as the could in place for the outcome measure. Details are included in 
Appendix B.     
2.2.4 Assessment of Physical Activity 
 Levels of physical activity were measured through analysis of videotapes of the 
children during outdoor playtime with their peers and recorded through a modification of The 
System for Observing Play and Leisure Activities in Youth (SOPLAY) (McKenzie, 2002).  
Children’s activity time was videotaped, and the videotapes were analyzed for individual 
activity levels.  Participants were observed for the duration of time their class was outside or 
in an indoor play area.  This averaged 20 minutes for each participant.  Data was collected in 
t10 second increments on the specific activity in which the children were engaged (e.g. 
climber, riding toy, sand play), as well as if they were sedentary, walking, or very active.    
 CSA accelerometers were also used to monitor physical activity.  Accelerometers 
were programmed to capture activity intensity in 15 second epochs.  The CSA accelerometer 
has been used in previous research with preschoolers (Fairweather, Reilly, Grant, Whittaker 
& Paton, 1999).  The validity has been reported to be .86, while reliability was found to be 
.87 (Trost, Ward, Moorehead, Watson, Riner & Burke, 1998). 
2.3 Procedures 
 Low income preschool programs were identified in the target counties.  A regional 
child care nurse consultant contacted directors of the centers, requesting permission to 
conduct this study at their center.  Researchers then met with the directors to discuss the 
study.  The directors obtained cooperation and consent from the teachers and sent letters to 
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parents explaining the study and asking for consent for the children’s participation.  Five 
centers located in three different cities were recruited for this study. 
 Approximately 130 consent forms were distributes throughout the five centers.   
There was a large difference in return rate between classrooms.  Two classrooms had consent 
forms returned for all children in the class, while the other classrooms had between 25 - 50 
percent of the consent forms returned.  The average return rate was 60%. 
 At each preschool center, participants were divided into three groups: all children 
(sample), in depth study children (sub sample) and teachers.  The “all children” group 
(sample) included all children at the center with signed consent forms.  BMI measurements 
were performed on all participants in the sample in a designated private room/space separate 
from where the children are playing.  These measurements were used to place children into 
sub sample groups.   
 The “study children” sub sample included children whose BMI percentile was 32-60 
and ≥ 85.  Motor skills were tested in a designated private space on the same day as physical 
activity observation, except as previously noted.  Children were escorted to each test, and 
once they completed all measurements they were returned to their classroom.  Physical 
activity levels were analyzed individually for children in this sub sample.  Children stayed 
with their regular class for outdoor play (or indoor play).    Physical activity was measured 
during the first scheduled outdoor activity time.  This lasted from 15 minutes to 28 minutes 
depending on the center.  A dual camera videotaping system was set up to capture all 
children on the playground.  A modified SOPLAY observational method was then be used to 
analyze the videotapes.  SOPLAY was also used to observe the type of activity the child was 
engaged in.  Physical activity data was collected on days with weather that was conducive to 
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outdoor play.  If data was scheduled to be collected on a day when the children were not able 
to go outside, physical activity was recorded during indoor activity time if large space was 
available indoors (i.e. gymnasium, large motor room).  If the indoor activity was not similar 
to outdoor play, the data collection was rescheduled.  Accelerometers were fitted to each 
child by trained researchers prior to participating in activity.  The accelerometer was then 
removed once the class had completed their outdoor/indoor activity time.  No order effect 
was expected for physical activity and motor skill measurements. 
 Adults include administrators and teachers involved with the preschool class.  Each 
preschool’s physical activity policy was obtained from a school administrator.  Policies were 
scored based on an evaluation modified from the Team Nutrition evaluation (see Appendix 
C).  If the preschool did not have a policy, the director was asked a series of questions based 
on the evaluation form.  Teachers in each class were also asked a set of questions to identify 
each teacher’s consistency in following the preschool’s activity policy (see Appendix D).   
2.4 Design & Analysis 
 This was a descriptive study based on a sample of convenience. To test the central 
hypothesis, the main analysis in this study was performed on the data collected from the sub 
sample.  The analysis was a one-way ANOVA, with one independent variables (weight 
status) that had two levels (overweight/at risk for overweight and normal weight).  The 
dependent variables are motor skill (process and product) and physical activity levels 
(observed and accelerometer).  Additional analyses included correlations among dependent 
variable, one way ANOVAs on the same dependent variables but alternative ways to classify 
weight status, and an independent t test.  Data was analyzed using SPSS software.   
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 The preschool policy hypothesis was tested using physical activity data for the sub 
sample, preschool policy data and the adult’s data.  Physical activity policy, BMI and 
physical activity (SOPLAY) were examined using a correlation matrix   
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CHAPTER 3. RESULTS 
3.1 Introduction 
 The results section was organized in three parts.  First, data trends from this study 
were examined and compared to motor development research.  The purpose was to provide 
evidence that the data conformed to developmental expectations.  Second, motor skills and 
physical activity levels of overweight and normal weight children were examined to 
determine if the data was congruent with the main hypothesis that overweight children had 
poorer motor skills and lower physical activity levels.  Lastly, data from preschool teachers 
and preschool activity policies were examined to shed light on the second hypothesis that 
children attending preschools with strong physical activity policies were more active than 
children attending preschools with weak activity policies.   
3.2 Data Trends 
 Previous research has shown that motor skill improves with age in a linear pattern due 
to maturation (Thomas, Lee, Thomas, 2008).  In this study, motor skill, based on the TGMD-
2, was better in older children.  That is, more components were mastered more often by older 
participants compared to younger participants.  The raw sub-scores for TGMD-2 locomotor 
skills were better for older males (ES=1.23) and older females (ES= 0.54) when compared to 
younger males and females (Table 2A).  The raw sub scores for manipulative skills also 
increased in older males (ES=1.15) and females (ES= 0.15) when compared to younger 
children.   Outcome performances (i.e. running time, throwing distance) for motor skills also 
produced age trends (Table 2B).  The best score from the trials for each motor skill outcome 
was turned into a z score, and the z scores were summed to estimate locomotor and 
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manipulative outcome performance (Table 3).  The locomotor z score was larger for older 
boys (ES= 0.87) and girls (ES= 0.39) when compared to younger children.  The manipulative 
score followed a similar pattern for boys (ES= 0.50) and girls (ES= 0.68).   
 Previous research has also shown that a gender difference in overhand throw 
immerges as early as early as three years of age (Thomas & French, 1985).  Boys throw 
farther than girls.  In this data, the trend did not appear in three year olds, but was evident in 
four year olds.  Three year olds girl’s scores were slightly better than three year old boys in 
both the outcome measure (ES= 0.15) and process measure (ES= 0.21).  Consistent with 
previous findings, four year old boys scored higher than girls of the same age in both the 
distance of throw (ES= 0.54) and the TGMD-2 raw score for the sum of two trials (ES= 
0.92).   
 Based on the TGMD-2 total (both locomotor and manipulative) percentile rank, the 
children appear to be normally distributed.  For both normal weight and overweight groups, 
children ranged from the 3rd percentile to the 99th percentile.  Forty-three percent of normal 
weight children and 33% of overweight children were within the 42nd-65th percentile, or very 
close to the 50th percentile.  Thirty-eight percent of normal weight children and 37% of 
overweight children were above the 65th percentile. The children’s TGMD-2 scores were 
suggest that this sub-sample was typical of preschool children 
3.2 Main Hypothesis 
3.2.1 Weight Categories 
 BMI percentile was used to place all children in this sample into three groups during 
data collection; normal weight, overweight and other.  Children who did not classify as 
normal weight or overweight were not included in the sub sample.  The children who were 
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classified as normal weight (BMI percentile 32-60) or overweight (BMI percentile ≥ 85) 
were included in the sub sample and skinfold measurements were taken (Table 4).  Data were 
analyzed using three methods of determining weight categories; BMI only, skinfold split at 
mean and agreement among BMI and skinfold. 
 To divide children into weight groups based on skinfolds, the median skinfolds for 
the three sites (triceps, abdominals and calf) were summed (m= 40.17, s=17.25).  Children 
with skinfolds below the group mean (40.17 mm) were placed in the normal weight category.  
Children with skinfolds above 40.17 mm were placed in the over weight category.   
 The final category is based on agreement between BMI and skinfold.  The median 
skinfold measurement for calf and triceps sights were summed based on Fitnessgram 
protocol (Meredith & Welk, 2007).  The summed skinfold was ranked and the ranking was 
correlated with BMI percentile ranking (r(46)= .42, p=.004) with percent of variance 
accounted for = 17.5%.  If BMI and skinfolds were perfectly correlated, all children in this 
sub sample who were classified as normal weight using BMI (n=21) would be ranked ≤ 21 
based on skinfold.  However, the correlation between BMI and skinfold was not perfect.  
Thirteen children were classified as normal weight for both BMI percentile and skinfold 
measurements (ranked ≤ 21) (Figure 1).  Sixteen children were classified as overweight by 
both BMI percentile and skinfold measurements (ranked >21).  Seventeen children were 
inconsistently classified, i.e. their ranks for BMI percentile and skinfold did not place them in 
the same group.  Eight children ranked >21 for skinfold and ≤ 21 for BMI percentile.  Seven 
children ranked ≤ 21 for skinfold and >21 for BMI percentile.  Descriptive data for the three 
methods of grouping participants are presented in Table 4. 
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3.2.1.1 BMI based weight groups 
 Data were normal for each of the five dependent variables (e.g. TGMD-2 locomotor 
and manipulative sub tests, outcome motor skill z score, accelerometer counts, and observed 
activity intensity) based on the distribution of Q-Q plots.  The Q-Q plots were linear for 
locomotor and manipulative subtest raw scores and motor skill outcome z scores (sum of z 
scores created for best performance on 12 motor skills).  The data was also normal based on 
linear Q-Q plots for mean accelerometer minute counts and mean observed physical activity 
intensity. 
 Children in the overweight group were moderately taller (ES= 0.53) than the children 
in the normal weight group. There was, as expected, a large difference in body weight 
(ES=1.42). Moderate-to-large differences between weight groups were observed for the 
skinfold measurements (Table 4).  Multiple analyses were completed on the data; therefore 
Bonferroni was used to adjust the alpha from .05 to .0083.  Correlations among key variables 
confirmed that BMI percentile and the sum of skinfolds were related [r(46)=.42, p=.004] but 
share less than 20% of the variance.  The TGMD-2 locomotor and manipulative subtest raw 
scores were correlated [r(44)=.47, p=.001] with each other. The locomotor subtest of the 
TGMD-2 was correlated with the composite z score for the locomotor outcome measures, 
which is the sum of z scores for best performance in 6 locomotor skills [r(44)=.64, p=.0001].  
However, the manipulative subtest was not significantly correlated with the composite z 
score for the manipulative outcome measures [r(44)=.34, p=.022].  The observed physical 
activity intensity scores and accelerometer produced non-significant correlations [r(38)=.11, 
p=.49).  The relatively low shared variance between variables proposed to represent the same 
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factor (motor skill or physical activity) suggested these variables represent different aspects 
of the factor.  Therefore further analyses were calculated using the five original variables. 
Two one-way ANOVAs with BMI percentile weight group as the independent 
variable and the sum of TGMD-2 locomotor [F(1,43)=.061, p=.806] and manipulative 
[F(1,43)=.002, p=.97] raw scores as the dependent variables failed to produce significant 
results.  The confidence intervals and small effect sizes indicate that the weight group score 
distributions were essentially the same (Table 5).  A one-way ANOVA with the composite z-
score for skill outcome (a sum of 12 z scores) as the dependent variable was not significant 
[F(1,43)=.47, p=.496].  Again the confidence intervals and small effect sizes indicated the 
groups were the same.  
 Accelerometer counts were recorded in 15 second intervals.  Four intervals were 
summed to create a minute interval.  A one-way ANOVA with BMI percentile weight groups 
as the independent variable and mean accelerometer minute counts as the dependent variable 
failed to produce significant results [F(1,37)=.312, p=.58].  Observation of intensity was 
recorded in 10 second intervals.  The SOPLAY ratings for three 10 second intervals 
(1=sitting/sedentary, 2=walking or climbing/moderate, 3=running/vigorous) were averaged.  
Three 10 second intervals were averaged because when observations were preformed in 30 
second intervals, 75 % of the time the standard deviation was 0.  A one-way ANOVA with 
mean observed physical activity intensity as the dependent variable also failed to produced 
significant results [F(1,39)=.871, p=.356]. The confidence intervals and small effect sizes 
showed the groups to be the same for both physical activity measures (Table 5). 
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 3.2.1.2 Skinfold based weight groups 
  A second way of grouping participants was based on skinfolds.  Two groups were 
formed by splitting on the mean for summed skinfolds.  Two one-way ANOVAs with 
skinfold weight groups as the independent variable and TGMD-2 locomotor [F(1,43)=.061, 
p=.806] and manipulative [F(1,43)=.214, p=.646] subtest raw scores as the dependent 
variable failed to produce significant results.  The confidence interval and small effect sizes 
indicated the groups were the same (Table 6).  A one-way ANOVA on skinfold weight 
groups and outcome z scores was also non-significant [F(1,43)=.191, p=.665].  The 
confidence intervals and small effect sizes indicated the groups were once again the same. 
 A one-way ANOVA for skinfold weight groups and accelerometer mean counts was 
not significant [F(1,37)=.377, p=.543].  The confidence intervals for accelerometer counts 
did not meet the test to be the same between weight groups, but the effect size was small 
(ES= 0.24).  A one-way ANOVA for skinfold weight groups and observed activity intensity 
was not significant [F(1,39)=.278, p=.601].  The confidence interval and small effect sizes 
indicated the weight groups were the same.   
 3.2.1.3 BMI and skinfold based weight groups 
 A third way of grouping participants was to form two groups; one consistently 
classified as overweight (n=15) and one consistently classified by BMI percentile and sum of 
skinfold as normal weight (n=13).  Two one-way ANOVAs with weight groups based on 
BMI and skinfold as the independent variable and TGMD-2 locomotor [F(1,26)=.243, 
p=.626] and manipulative [F(1,26)=.002, p=.961] subtest raw scores as the dependent 
variable were not significant.  The confidence intervals did not meet the tests to be the same 
in weight groups for the locomotor subtest, but the groups were the same for the 
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manipulative subtest (Table 7). A one-way ANOVA for weight groups based on BMI and 
skinfold and outcome z scores was not significant [F(1,26)=.04, p=.843]. The confidence 
intervals showed the weight groups to be the same. 
 A one-way ANOVA for weight groups based on BMI and skinfold and accelerometer 
counts was not significant [F(1,21)=.588, p=.452].  A one-way ANOVA for weight groups 
based on BMI and skinfold and observed activity intensity was not significant [F(1,22)= 
1.937, p=.178].  The confidence interval did not meet the test to be the same for both 
accelerometer counts and intensity observations. 
 3.2.1.4 BMI and skinfold based inconsistently classified weight groups 
 This group is small in number, therefore ANOVAs were not computed, but this group 
is of interest to better understand the other three methods to form weight groups.  With 
weight groups defined by participants who were inconsistently classified based on BMI and 
skinfold agreement, the only dependent variable that produced a meaningful effect size was 
outcome z scores (ES= 0.61) (Table 8).   Specifically, meaningful effect sizes between 
groups were found in the run (ES= 0.57), leap (ES= 0.64), jump (ES= 0.55), throw (ES= 
0.65), dribble (ES= 0.60), roll (ES= 0.70) and kick (ES= 0.65) outcome scores (Table 9). 
3.2.2 Gender 
 Shared differences between boys and girls were found in motor skill based on 
outcome z score (ES= 0.39) and a moderate difference for locomotor subtest scores (ES= 
0.72) (Table 10).   In both tests, girls scored higher than boys.  Manipulative subtest scores, 
accelerometer counts and observed intensity effect sizes were low (ES= 0.06- 0.13).  
Confidence intervals for all measures indicated a difference between genders, favoring girls 
in four of the five variables. 
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3.3 Minor Hypothesis 
3.3.1 Preschool Physical Activity Policies 
 Physical activity policies were reviewed using two methods; a policy review checklist 
and teacher interviews. A break down of the center’s answers to each policy review 
component is included in Table 11.   In the policy review checklist, the centers agreed that 
they always provide planned physical activity, provide activity for children with special 
needs, provide safe and appropriate activities and never use activity as an incentive or 
punishment.  The centers scored the lowest on communicating with parents about physical 
activity levels of their children at the center.  Three out of the five centers had a physical 
activity policy in writing.  Points were given to each answer (always=2, sometimes=1, 
never=0) on the review.  The Head Start centers were the three highest scoring centers 
(m=18.00, s=0.00) and the community preschool centers the two lowest scoring centers 
(m=13.00, s=1.00) when summing points scored on the policy review checklist.  Head Start 
centers are highly regulated and each center is required to use a state issued curriculum that 
includes physical activity.  Head Start centers were chosen as part of the sample because it 
was known that they have a physical activity policy in place.  The policy review checklist 
was modified from a Team Nutrition checklist for preschools, which was created with the 
help of administrators from Head Start.  Therefore, it is expected that Head Start’s policies 
were influenced by the Team Nutrition recommendations, and vice versa.   
 Teacher interviews were also conducted to gain more information on the preschool’s 
physical activity policy.  They were also conducted to see if the teachers followed the policy 
at the center.  Preschool centers were grouped into two groups based on the scores from the 
policy review checklist; Head Start Centers (n=3) and Community Preschool Centers (n=2).  
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Individual interviews were conducted with each teacher at the Head Start Centers (n=4) and 
Community Preschool Centers (n=3) with a class that participated in the study.   
Recommendations are that preschool children should participate in 60 minutes of structured 
activity and 60 minutes of unstructured physical activity per day (National Association for 
Sport and Physical Education, 2002).  Neither the Head Start Centers nor the Community 
Preschool Centers met the 60 minute guideline for unstructured physical activity (Table 12).  
They also fell short for time allotted for structured physical activity play time.  In the 
interview teachers gave examples of Duck, Duck Goose, relay races, dances, animal walks 
and Ring around the Rosie as things they might do during structured physical activity play.  
All of the Head Start teachers said they had a policy in writing, while none of the Community 
Preschool teachers said they had a policy in writing.  Both groups of preschools scored well 
when asked if the physical activity policy or expectations were followed throughout the 
center. 
 3.3.2 Physical Activity and Motor Skill by Preschool Center 
 The five dependent variables were analyzed by preschool center groups; Head Start 
Centers and Community Preschool Centers.  The groups differed in TGMD-2 manipulative 
subtest scores (ES= 0.84), outcome z score (ES= 0.58) and mean observed physical activity 
intensity (ES= 0.48), favoring the community preschools (Table 13).  The groups did not 
significantly differ in sum of skinfolds, TGMD-2 locomotor subtest, mean accelerometer 
counts or observed activities tried.   
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CHAPTER 4.  DISCUSSION 
4.1 Introduction 
 The purpose of this study was to determine if there were differences in motor skill 
and physical activity in normal weight and overweight low income preschool children.  The 
obesity epidemic in young children is mounting; therefore it is important to understand the 
factors influencing childhood obesity.  The problem is even greater in low income children.  
It was hypothesized that overweight children would have poorer motor skills and lower 
levels of physical activity that there normal weight peers.  Due to the many factors that 
influence the physical activity levels of preschool children, the physical activity policy was 
also reviewed.  Many young children spend most of their day at preschool centers, which 
influences their activities and lifestyles.  It was hypothesized that children who attended 
preschools with better physical activity policies would be more active when compared to 
children at centers with poorer policies.   
 Based on the data trends, data collected during this study appears to be representative 
of preschool children.  Scores align with theories and results in previous research.  Also, it 
can be assumed that the same findings would be found with a different sample of low income 
preschool children.  The sample included in this study was chosen with the help of the Iowa 
Department of Public Health and PedNSS data, which classified counties with high 
populations of overweight low-income children.  Centers were chosen based on participation 
in federally supported programs, therefore all centers included in the sample classified as 
low-income.   
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 During data collection, more children were found who were overweight (n=24) than 
normal weight (n=21).  In three of the centers, children with BMI percentiles over 60 
accounted for greater than 62 % of the children included in the study.  Even considering that 
one- third of the children might be misclassified by BMI, the obesity epidemic in preschool 
children was evident. 
4.2 Major Hypothesis 
4.2.1 Weight Classification 
 Body composition was measured using BMI percentile and skinfolds.  BMI has been 
criticized because it measures both lean mass and fat mass. Previous studies have found that 
obese children are not correctly identified using BMI, and BMI classifications can include a 
wide range of percent body fat (Wells, 2000).  In three to five year old children, researchers 
warn that BMI should be used with caution and is likely not sensitive enough to define 
childhood obesity (Eti, Komiya, Nakao & Kikkawa, 2004).  In this sample, 17.5% of the 
variance was shared between BMI and sum of skinfolds.  In older children, correlations 
between BMI and percent body fat were reported at 0.71 and 0.82 (Goran et.al, 1996).  BMI 
and percent body fat calculation both include height and weight, while sum of skinfolds does 
not account for height and weight.  A large correlation between BMI and skinfolds was not 
expected in this study because the correlation is not confounded by the use of height and 
weight in the measurements. 
 In this study, 37% of the children were inconsistently classified when BMI percentile 
was compared to sum of skinfold ranks.  BMI measurement uses the child’s weight; a 
combination of both lean and fat mass.  Skinfolds measure only subcutaneous fat. Persons 
with high body fat compositions, especially at the abdominal sight, face increasing health 
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risks.  Half of inconsistently classified children had large sum of skinfolds, indicating more 
subcutaneous fat, but were in the normal range for BMI percentile.  The remaining 
inconsistently classified children were identified as overweight based on BMI percentile, but 
in fact had low sum of skinfolds.  Based on this data, children have better than a 1 in 3 
chance of being inappropriately classified by BMI.  There appeared to be no bias in 
misclassification. 
 Due to the lack of consistency between the two measurements, three weight groups 
were formed using combinations of the two methods to be sure that the method of 
classification of weight groups did not bias the findings of the study.  Three weight groups 
were formed; BMI based, skinfold based, and agreement between BMI and skinfold.  One-
way ANOVAs calculated with weight group as the independent variable and physical activity 
and motor skill as the dependent variables failed to produce significant results for each of the 
three weight group classifications.  All three grouping methods failed to produce significant 
results.  Overweight low income preschool children have the same activity levels and motor 
skill proficiency as their normal weight peers.  There was a large range of BMI percentiles 
and sum of skinfolds, providing the variability necessary to detect differences between 
weight groups if a difference exists.  If motor skill is related to overweight or over fat in 
children, the relationship may appear when children are older.  However, a recent study 
found no difference in motor skill between weight groups in 9-to-12 year old children (Hume 
et al., 2008).  Physical activity was not an explanatory variable, but it is only half of the 
energy balance equation.  Nutrition also plays a large role in children’s weight status. 
 One factor that may influence results is children’s maturity levels.  BMI classifies 
weight groups based on height and weight.  Children who were classified as overweight 
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based on BMI percentile were moderately taller than children who were classified as normal 
weight (ES= 0.53).  Height is an indicator of early maturation; therefore it is possible that 
children in the overweight group might have been maturing earlier than their normal weight 
peers.  Previous research has shown that 3 year old females with high levels of body fat have 
an earlier onset of puberty, a measure of maturation (Lee, Appugliese, Kaciroti, Corwyn, 
Bradley & Lumeng, 2007).  As children mature, their motor skill abilities improve and may 
mask the expected skill differences between the groups.   
 The skinfold based weight group (split at the mean skinfold) failed to meet the test to 
be the same for accelerometer counts.  The consistent BMI and skinfold based weight group 
failed to meet the test to be the same for TGMD-2 locomotor subtest scores, accelerometer 
counts and observed intensity of activity.  In an effort to further understand the trends, the 
trend variables were explored within the weight group where the trend was reported.   
4.2.1.1 Skinfold based weight groups 
 The skinfold based weight groups, while not statistically different, failed to meet the 
test to be the same for accelerometer data.  If there is any difference in overweight and 
normal weight children, it should appear in participants who were the most overweight and 
the children the closest to normal weight.  Mean accelerometer counts for the children with 
the five highest sum of skinfolds and the five smallest sum of skinfolds are recorded in Table 
14.  The accelerometer counts between the two groups showed no difference (ES= 0.01).   
4.2.1.2 BMI and Skinfold based weight groups 
 When groups were split by the agreement between BMI and skinfold, weight group 
differences were reported for TGMD-2 locomotor subtest scores, mean accelerometer counts, 
and observed activity intensity. The five participants with the highest rankings for both BMI 
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and skinfold (BMI and skinfold measurements were ranked and then averaged to create a 
mean ranking for BMI and skinfold) were compared to five participant who ranked lowest 
for both BMI and skinfold for each of the three variables showing a difference among 
groups.  Small effect sizes were reported for TGMD-2 (ES= 0.30) and mean observed 
intensity (ES= 0.36), while a moderate effect size was reported for mean accelerometer 
counts (ES= 0.68) (Table 15).  The small difference in groups found in the original data 
might be accounted for in these findings.  This emphasizes the importance of assuring that 
children are classified carefully and suggests that BMI alone is not without error.  Skinfold 
normative data is not available for children of this age. 
 Power was lost in this group because of the number of participants that were 
inconsistently classified, and therefore not included in the analysis.  Due to the low number 
of children who were consistently classified as overweight (n=13) or normal weight (n=16), 
the sub sample dwindled to 29 total participants.  Future research should be sure that children 
are overly fat, not just overweight, or include more children in the sample size.   
 4.2.1.3 BMI and Skinfold based misidentified weight groups 
 When weight groups were split based on agreement of BMI and skinfold, some 
children appeared to be misidentified. Participants in these groups either had overweight 
BMI percentiles and low sum of skinfolds, or a normal weight BMI percentiles and high sum 
of skinfolds.  The only dependent variable that produced a meaningful effect size in this 
group was outcome z scores.  Specifically, meaningful effect sizes between groups were 
found in the run, leap, jump, throw, dribble, roll and kick outcome scores, favoring children 
with overweight BMI percentiles and low sum of skinfolds.  To be successful at these motor 
skills, force and power are required.  The motor skills that did not show meaningful effect 
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sizes (e.g. gallop, slide, hop, strike and catch) do not require as much power.  It is likely that 
children who were classified as overweight using BMI percentile, yet had a low sum of 
skinfold, are children who are large for their age but are not overly fat.   
4.2.2 Gender 
 Differences in gender groups were found in motor skill outcome z scores and TGMD-
2 locomotor subtest scores; girls scored better than boys.  Previous research has found that 
the only significant gender difference in motor skill at this age is in the overhand throw (a 
manipulative skill); boys throw farther than girls, which has been confirmed in previous 
sections.  Physical activity showed small to no difference between groups.  Previous studies 
have found boys to be more active than girls in children attending preschool, but the sample 
children were not classified as low income (Finn, Johannsen & Specker, 2002; Pate et. al., 
2004).  Accelerometer counts and observed physical activity were relatively similar for both 
boys and girls.      
4.3 Minor Hypothesis 
4.3.1 Physical Activity Preschool Policies 
 Overall, the preschools scored well on the preschool policy review.  The Head Start 
Centers scored the highest, in part due to the collaboration between the Team Nutrition and 
Head Start administrators in creating the checklist.  The Community Preschool Centers 
scored lower, but still relatively well.   All centers from both categories scored lowest on 
providing parents information to encourage physical activity at home.  Children spend many 
hours at preschool, but habits are also created at home.  Due to the low-income classification 
of the centers, it is likely that children are not involved in physical activity programs outside 
of the center.  This is an area for all preschool centers to consider.   
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 Teacher interviews revealed the amount of time each class spends participating in 
physical activity.  Based on teacher interviews, both centers fell short on providing 60 
minutes of structured activity and 60 minutes of unstructured physical activity, as guidelines 
suggest.  An increase in the time children participate in physical activity at all the centers 
would likely benefit the children.  Teacher’s answers also varied on how well the activity 
policy was followed throughout the center.  A policy must be followed by teachers if it is 
going to influence children’s activity levels. 
4.3.2 Physical Activity and Motor Skill between Preschool Center 
 The Head Start Centers scored better in the policy review when compared to 
Community Preschool Centers.  It was expected that if there is a difference in groups for 
physical activity and motor skills, it would favor the Head Start Centers due to their 
mandated physical activity policies.  The groups differed in TGMD-2 manipulative scores, 
outcome z scores, and observed intensity, favoring the Community Preschool Centers.  This 
may be explained by the details in the physical activity policies at Head Start.  Head Start’s 
physical activity curriculum may not focus on motor skills and specifically manipulative 
skills, thus explaining the difference in motor skills scores between groups.  When asked for 
examples of structured activities, teachers discussed Duck, Duck, Goose and Ring around the 
Rosie, which do not emphasize manipulative skills.   
 Finally, there is a difference in enrollment requirements for Head Start centers 
compared to Community Preschool centers.  In order to enroll in the Head Start program, 
children must be classified as low income.  For a Community Preschool center to be 
classified as low income, a specified percentage of children need to be low income.  While 
both Head Start centers and Community Preschool centers included in this study are low 
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income, the difference between groups may be due to the disparity in percentage of truly low 
income children at the center.  This also might explain that while Head Start centers had 
better policies, their motor skills were poorer.  Further study is needed to fully explain these 
outcomes.  
4.4 Conclusion and Recommendations 
 Childhood obesity is a nationwide epidemic, with children as young as age three 
being classified as overweight.  Health risks increase exponentially for children who are 
overweight or at risk for overweight.  Many factors may influence obesity, including physical 
activity, nutrition and genetics.  Low income bias has also been associated with obesity.  This 
study focused on physical activity and motor skill in overweight preschoolers.  
 Some conclusion can be drawn from this study.  Findings indicate that BMI may not 
be an accurate predictor of overweight in young children; one in three children in this study 
were inconsistently classified using BMI.  Using BMI as a body composition measurement 
may lead to children who are overweight but not overly fat being classified as such.  
Significant differences between groups were not found, regardless of the method of 
classifying weight status.  Generally overweight preschool children are just as active and 
have the same motor skills as their normal weight peers.  A review of preschool policy 
revealed that all centers in the study did not receive the recommended level of structured and 
unstructured physical activity each day.  Centers should strive to keep children as active as 
possible while at the centers. 
 Recommendations can be made based on the conclusions from the study.  Norms for 
sums of skinfolds or a system to calculate body fat percentage should be created using 
skinfolds measurements to better calculate body composition in this population of children.  
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This would ensure that the measure is sensitive enough to detest overly fat in young children.  
Clearly, BMI effectively tracks population trends, but was not effective with individual 
children.  Preschools should strive to provide 60 minutes of structures activity and 60 
minutes of unstructured activity each day.  Providing opportunities for physical activity 
throughout the day will greatly benefit young children.  This is particularly important for 
children who may not have other opportunities for physical activity.  Further research is 
needed in populations of low income preschool children.  Findings in this study did not 
match previous research in preschool children, possibly due to the lack of research on low 
income preschool children.  Further research should also focus on understanding how 
preschool physical activity policy influences children’s activity levels and motor skills.  
Likewise, physical activity curriculum should also be explored to understand what children 
are learning and how that might influence the children’s motor skills.  
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Figure 1 
BMI and Skinfold Weight Groups 
 
 
 
Overweight 
BMI Percentile ≥ 85 and high sum of skinfold 
n = 16 
 
Normal Weight 
BMI percentile 32-60 and low sum on skinfold 
n = 13 
 
BMI percentile 32-60 and high 
sum of skinfold 
n = 8 
 
BMI percentile ≥ 85 and low 
sum of skinfolds 
  n = 9 
 
Inconsistent Classification 
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TABLE 1 
Participants 
 
Center Total   
36-47 
Months  
48-59 
Months  Boys  Girls  
BMI 
Percentile 
<32  
BMI 
Percentile 
32-60  
BMI 
Percentile 
61-84  
BMI 
Percentile 
≥ 85 
1 8  0  8  5  3  1  2  3  2 
2 14  4  10  6  8  2  1  6  5 
3 12  4  8  6  6  0  3  3  6 
4 23  13  10  15  8  6  8  1  8 
5 20  8  12  10  10  7  7  1  5 
TOTAL 77  29  48  42  35  16  21  14  26 
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TABLE 2A 
TGMD-2 Motor Skill Scores by Age and Gender 
 
 3 years old 4 years old 
 Boys Girls Boys Girls 
 n=10 n=5 n=17 n=13 
 m (s) m (s) m (s) m (s) 
Run (of 8) 5.80  (1.75) 5.40  (0.89) 7.24  (0.90) 6.54  (1.66) 
 
        
Gallop (of 8) 3.90  (2.85) 6.80  (1.30) 5.65  (2.37) 6.08  (2.02) 
 
        
Slide (of 8) 2.40  (3.06) 4.40  (3.21) 6.12  (2.20) 3.69  (3.17) 
 
        
Hop (of 10) 2.60  (3.13) 3.20  (3.63) 6.24  (3.23) 6.23  (4.00) 
 
        
Jump (of 8) 5.50  (1.58) 5.80  (2.68) 5.65  (2.62) 6.31  (1.97) 
 
        
Leap (of 6) 4.40  (2.27) 4.80  (2.68) 4.29  (1.61) 5.23  (0.93) 
 
        
Locomotor 
Total (of 48) 23.40  (5.99) 28.00  (10.76) 32.06  (6.74) 32.38  (7.73) 
 
        
Throw (of 8) 2.10  (1.52) 2.40  (1.67) 4.12  (2.78) 1.92* (1.98) 
 
        
Strike (of 8) 4.40  (3.20) 5.60  (3.21) 7.24  (2.19) 6.15  (2.30) 
 
        
Dribble (of 
8) 1.20  (1.48) 1.20  (2.17) 2.47  (2.87) 3.08  (2.69) 
 
        
Catch (of 6) 3.20  (1.75) 4.20  (0.84) 3.82  (1.33) 3.5* (1.24) 
 
        
Roll (of 8) 2.10  (1.85) 4.40  (2.30) 4.29  (1.93) 4.17* (1.90) 
 
        
Kick (of 8) 4.80  (2.44) 5.00  (1.87) 6.24  (1.72) 6.58* (1.78) 
 
        
Manipulative 
Total (of 46) 17.80  (9.21) 22.80  (10.76) 28.18  (9.51) 24.15* (9.20) 
 
        
 
      
*n=12 
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TABLE 2B 
Outcome Motor Skill Results by Age and Gender 
 
 3 year olds 4 year olds 
 Boys Girls Boys Girls 
 n=10 n=5 n=17 n=13 
 m (s) m (s) m (s) m (s) 
Run 
(seconds) 7.08  (1.15) 8.59  (1.68) 6.91  (1.68) 7.00  (0.88) 
 
        
Gallop 
(feet) 8.10  (9.46) 19.60  (11.93) 15.65  (10.15) 18.62  (8.99) 
 
        
Slide 
(feet) 9.60  (9.35) 2.40  (4.22) 14.88  (9.35) 11.31  (11.13) 
 
        
Hop 
(number) 25.50  (9.51) 29.00  (14.14) 27.53  (14.14) 31.38  (11.09) 
 
        
Jump 
(inches) 4.40  (4.30) 3.20  (1.30) 11.82  (11.94) 11.85  (12.95) 
 
        
Leap 
(inches) 28.60  (12.07) 25.20  (6.57) 25.47  (12.30) 29.85  (10.02) 
 
        
 
        
Throw 
(inches) 171.10  (73.32) 180.80  (60.03) 247.29  (124.67) 195.69  (43.70) 
 
        
Strike 
(inches) 62.80  (45.07) 80.40  (39.25) 75.71  (48.25) 86.62  (55.16) 
 
        
Dribble 
(number) 4.10  (5.55) 4.60  (5.37) 5.00  (6.10) 5.46  (4.37) 
 
        
Catch 
(out of 3) 0.60  (0.70) 0.80  (0.45) 0.76  (0.97) 0.77  (0.93) 
 
        
Roll (out 
of 3) 1.00  (0.82) 0.40  (0.55) 1.24  (0.90) 1.46  (1.13) 
 
        
Kick (out 
of 3) 0.80  (0.92) 1.00  (1.00) 0.82  (0.73) 1.38  (0.87) 
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TABLE 3 
Outcome z Scores by Age and Gender 
 
 
             
    Locomotor Manipulative  
   n m (s) m (s)  
3 years old 10 -1.51 (2.28) -1.40 (3.36)  
  
      
Boys 
4 years old 17 0.21 (1.92) 0.33 (3.67)  
   
      
3 years old 5 -0.09 (0.69) -1.00 (2.72)  
  
      
Girls 
4 years old 15 0.92 (3.17) 0.99 (3.20)  
 
        
3 years old 
  15 -1.04 (1.99) -1.27 (3.06)  
 
        
4 years old 
  30 0.52 (2.51) 0.61 (3.43)  
 
        
Boys 
  27 -0.43 (2.19) -0.31 (3.59)  
 
        
Girls 
  18 0.64 (2.72) 0.43 (3.13)  
 
        
Overall 
  45 0.001 (2.44) -0.01 (3.40)  
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TABLE 4 
Weight Groups Body Composition Descriptive Data for Sub Sample 
 
 Overall  Grouped on BMI Percentile Grouped on Skinfold 
   
NW             OW  
 
NW             OW  
 
  n=47 n=21 n=26  n=31 n=15  
 m (s) m (s) m (s) ES m (s) m (s) ES 
Age (months) 51.34  (6.02) 50.14  (6.87) 52.31  (5.17)  50.23  (6.47) 54.13  (3.78)  
 
      
 
    
 
Height (inches) 41.07  (2.61) 40.33  (2.90) 41.66  (2.25) 0.53  40.64  (2.64) 42.05  (2.43) 0.56  
 
      
 
    
 
Weight (pounds) 41.07  (7.75) 36.14  (5.07) 45.05  (7.28) 1.42  38.42  (5.65) 46.65  (8.95) 1.22  
 
      
 
    
 
BMI percentile 72.77  (24.13) 47.10  (7.88) 93.50  (4.58)  64.00  (23.12) 89.87  (16.40)  
 
      
 
    
 
Skinfolds (mm) 
      
 
    
 
Calf 13.94* (5.95) 11.57  (2.99) 15.92* (7.06) 0.80  11.39  (2.93) 19.20  (7.16) 0.77  
Triceps 15.43* (5.28) 13.90  (3.14) 16.72* (6.34) 0.56  13.23  (2.73) 20.00  (6.36) 1.63  
Abdominals 
11.04
^ (7.04) 7.90  (1.45) 13.56* (8.62) 0.90  8.07* (1.72) 17.00  (9.62) 1.61  
 
      
 
    
 
Sum calf and 
triceps skinfold 29.37* (10.86) 25.48  (5.65) 32.64* (13.03) 0.71  24.61  (5.13) 39.20  (12.99) 1.76  
 
      
 
    
 
Sum all 
skinfolds 40.17* (17.25) 33.00  (5.79) 46.20* (21.14) 0.84  32.42  (5.49) 56.20  (21.98) 1.84  
 
      
 
    
 
 
* n=46 
   
*n=25 
  
*n=30 
   
 
 
^ n=45 
           
  
42
 
TABLE 4 continued 
Weight Groups Body Composition Descriptive Data for Sub Sample 
 
 
Grouped on BMI and Skinfold- 
Consistent Classification 
Grouped on BMI and Skinfold- 
Inconsistent Classification 
 
NW   OW   
 
BMI percentile 32-60, 
high sum of 
skinfolds 
BMI percentile ≥ 
85, low sum of 
skinfolds  
 n=13 n=16  n=8 n=9 
 
 m (s) m (s) ES m  (s) m  (s) ES 
Age (months) 49.23  (7.14) 54.19  (4.31)  51.63  (6.59) 49.89  (5.13)  
 
    
 
    
 
Height (inches) 40.07  (3.03) 42.08  (2.33) 0.78  40.77  (2.79) 41.45  (2.09) 0.30  
 
    
 
    
 
Weight (pounds) 35.26  (5.26) 47.07  (8.18) 1.74  37.56  (4.75) 42.09  (4.26) 1.07  
 
    
 
    
 
BMI perentile 46.38  (7.85) 95.88  (2.87)  48.25  (8.33) 89.89  (4.51)  
 
    
 
    
 
Skinfolds (mm) 
    
 
    
 
Calf 9.85  (2.08) 13.93  (5.95) 0.91  14.38  (1.92) 10.78  (3.03) 1.49  
Triceps 12.38  (2.26) 15.43  (5.27) 0.76  16.38  (2.88) 12.00  (1.66) 2.02  
Abdominals 7.69  (1.18) 16.06  (9.75) 1.19  8.29* (1.89) 9.11  (3.14) 0.33  
 
    
 
    
 
Sum calf and 
tricep skinfold 22.23  (4.04) 38.19  (13.04) 1.64  30.75  (3.45) 22.78  (4.44) 2.12  
 
    
 
    
 
Sum all 
skinfolds 29.92  (4.89) 54.25  (22.31) 1.49  38.00  (2.93) 31.89  (6.94) 1.19  
 
          
      
*n=7 
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TABLE 5 
BMI based Weight Groups 
 
          
 
Normal Weight Overweight  
 
n=21 n=24   
 m (s) 
Lower 
Bound 
Upper 
Bound m (s) 
Lower 
Bound 
Upper 
Bound ES 
TGMD-2 
        
 
Locomotor 29.48  (7.87) 25.90  33.06  30.04  (7.49) 26.88  33.21  0.01  
Manipulative 24.05  (10.73) 19.21  28.89  24.17  (9.59) 20.12  28.22  0.01  
 
        
 
Outcome z score -0.54 (5.44) -3.02 1.93  0.45  (4.27) -1.46 1.43  0.21  
 
        
 
Mean accelerometer 
counts 2476.18  (1268.34) 1898.84  3053.52  2274.35* (926.93) 1813.40  2735.30  0.18  
 
        
 
Mean observation 
intensity 1.91  (0.30) 1.77  2.04  1.98^ (0.24) 1.87  2.02  0.26  
 
         
     
*n=18 
    
     
^n=20 
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TABEL 6 
Skinfold based Weight Groups 
 
          
 
Normal Weight Overweight  
 
n=31 n=14   
 m (s) 
Lower 
Bound 
Upper 
Bound m (s) 
Lower 
Bound 
Upper 
Bound ES 
TGMD-2 
        
 
Locomotor 29.97  (7.63) 27.17  32.77  29.36  (7.76) 24.88  33.84  0.08  
Manipulative 23.65  (10.40) 19.83  27.46  25.14  (9.25) 19.80  30.48  0.15  
 
        
 
Outcome z score -0.23 (4.93) -2.03 1.58  0.46  (4.72) -2.27 3.18  0.15  
 
        
 
Mean accelerometer 
counts 2447.86* (1225.94) 1981.54  2914.18  2195.02* (716.29) 1682.61  2707.42  0.24  
 
        
 
Mean observation 
intensity 1.93^ (0.25) 1.84  2.02  1.97^ (0.22) 1.83  2.12  0.17  
 
         
 *n=29 
   
*n=10 
    
 
^n=30 
   
^n=11 
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TABLE 7 
BMI and Skinfold based Weight Groups 
 
          
 
Normal Weight Overweight  
 
n=13 n=15   
 m (s) 
Lower 
Bound 
Upper 
Bound m (s) 
Lower 
Bound 
Upper 
Bound ES 
TGMD-2 
        
 
Locomotor 30.31  (7.97) 25.49  35.13  31.80  (7.99) 27.37  36.23  0.19  
Manipulative 25.00  (12.08) 17.70  32.30  25.20  (9.58) 19.90  30.50  0.02  
 
        
 
Outcome z score 0.88 (5.04) -2.16 3.93  0.55  (3.68) -1.48 2.59  0.08  
 
        
 
Mean accelerometer 
counts 2700.78  (1494.99) 1797.37  3604.20  2294.89  (845.24) 1690.24* 2899.53  0.34  
 
        
 
Mean observation 
intensity 1.87  (0.23) 1.73  2.01  1.99  (0.19) 1.86^ 2.02  0.59  
 
         
 
      
*n=10 
  
       
^n=11 
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TABLE 8 
BMI and Skinfold based Inconsistently Classified Weight Groups 
 
 
BMI percentile 32-60 
and high sum of 
skinfolds 
BMI percentile ≥ 85 
and low sum of 
skinfolds  
 
n=9 n=8   
 m (s) m (s) ES 
TGMD-2 
    
 
Locomotor 28.13  (8.03) 27.11  (5.84) 0.16  
Manipulative 22.50  (8.26) 22.44  (9.94) 0.01  
 
    
 
Outcome z score -2.87 (5.57) 0.27  (5.35) 0.61  
 
    
 
Mean accelerometer 
counts 2111.19  (720.36) 2248.68* (1080.15) 0.16  
 
    
 
Mean observation 
intensity 1.96  (0.39) 1.95  (0.11) 0.04  
 
     
 
  
*n=8 
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TABLE 9 
BMI and Skinfold based Inconsistently Classified Weight Groups Outcome Motor Skill   
 
         
 
BMI percentile 32-60 
and high sum of 
skinfold 
BMI percentile ≥ 85 
and low sum of 
skinfold 
 
 n=8 n=9 
 
 m (s) m (s) ES 
Locomotor      
      
Run 7.83  (2.11) 6.98  (0.87) 0.57  
 
    
 
Gallop 12.37  (10.16) 13.00  (11.48) 0.06  
 
    
 
Slide 11.25  (12.17) 10.33  (8.53) 0.09  
 
    
 
Hop 25.13  (12.25) 27.11  (11.57) 0.18  
 
    
 
Leap 20.38  (12.92) 28.22  (13.12) 0.64  
 
    
 
Jump 3.63  (4.00) 7.00  (8.20) 0.55  
 
    
 
Manipulative 
   
 
 
    
 
Throw 179.13  (95.62) 252.00  (137.63) 0.65  
 
    
 
Strike 66.63  (43.20) 73.33  (55.87) 0.14  
 
    
 
Dribble 3.00  (2.88) 4.67  (3.04) 0.60  
 
    
 
Catch 0.50  (0.53) 0.67  (0.71) 0.29  
 
    
 
Roll 0.88  (0.64) 1.44  (1.01) 0.70  
 
    
 
Kick 0.88  (0.83) 1.33  (0.71) 0.65  
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TABLE 10 
Gender 
           
 
Boys Girls  
 
 
n=27 n=18   
 
 m (s) 
Lower 
Bound 
Upper 
Bound m (s) 
Lower 
Bound 
Upper 
Bound ES  
TGMD 
          
Locomotor 25.85  (7.65) 25.83  31.88  31.17  (7.49) 27.44  34.89  0.72   
Manipulative 24.33  (10.54) 20.16  28.50  23.78  (9.35) 10.16  28.43  0.06   
 
        
 
 
Outcome z score -0.74 (5.21) -2.80 1.32  1.07  (4.07) -0.95 3.10  0.39   
 
        
 
 
Mean accelerometer 
counts 2336.81* (1124.48) 1861.98  2811.64  2456.97* (1132.61) 1829.75  3084.19  0.11   
 
        
 
 
Mean observation 
intensity 1.93^ (0.21) 1.85  2.02  1.96^ (0.29) 1.80  2.11  0.13   
 
          
 *n=24 
   
*n=15 
     
 
^n=25 
   
^ n=16 
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TABLE 11 
Policy Review Checklist Results 
 
  
   
 
Number of      
centers reporting     
"Always"  
Number of 
centers 
reporting 
"Sometimes" 
Number of 
centers 
reporting 
"Never"  
 n=5 n=5 n=5  
 
    
Planned and guided physical 
activity included in program 5 0 0  
 
    
Physical activity is not used as 
incentive or punishment 5 0 0  
 
    
Activity provided for children 
with special needs 5 0 0  
 
    
Developmentally appropriate 
and safe activities and 
equipment 5 0 0  
 
    
Adults join in physical activity 
play 4 1 0  
 
    
Take advantage of opportunities 
to teach about activity 4 1 0  
 
    
Physical activity curriculum 
present 4 0 1  
 
    
Provide parents with physical 
activity ideas for home 3 2 0  
Policy in writing 3 0 2  
 
    
Communicate with parents 
about physical activity of 
children 0 5 0  
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TABLE 12 
Teacher Interviews 
 
     
 Head Start Programs   Community Preschools 
 n=4  n=3 
 m (s)   m (s) 
 
     
Points on Policy Review 18.00  0.00   13.00  (1.00) 
 
     
Length of Day (hours) 5.00  (0.82)  4.50  (2.18) 
 
     
Minutes/ Day of Physical Activity 43.75  (12.50)  36.67  (20.82) 
 
     
Minutes/Day of Structured 
Physical Activity 12.50  (12.58)  14.00  (14.42) 
 
     
Center has a policy in writing 
(Yes=1, No=0) 1.00  0.00   0.00  0.00  
 
     
Policy is followed throughout 
center (Always=2, Sometimes=1, 
Never=0) 1.75  (0.50)  1.67  (0.58) 
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TABLE 13 
Physical Activity and Motor Skills by Preschool Groups 
 
       
 
Children in Head 
Start Programs   
Children in Community 
Preschools  
 
n=33  n=12  
 
m (s)   m (s) ES 
       
Points on Policy Review 18.00  0.00   13.00  (1.00)  
       
Sum of skinfolds 40.82  (19.29)  37.08  (10.00) 0.22  
 
     
 
BMI percentile 70.48  (24.95)  75.83  (22.99)  
 
     
 
TGMD-2 
     
 
Locomotor 29.73  (7.66)  29.92  (7.70) 0.03  
Manipulative 22.06  (10.36)  29.87  (6.22) 0.84  
 
     
 
Outcome z score -0.73 (5.00)  1.96  (3.77) 0.58  
 
     
 
Mean accelerometer counts 2404.22* (1180.12)  2335.33  (996.60) 0.06  
 
     
 
Mean observation intensity 1.91^ (0.23)  2.02  (0.24) 0.48  
 
     
 
Mean number of activities 
tried 4.23  (1.28)  4.45  (0.93) 0.19  
       
 
*n=27 
     
 
^n=29 
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TABLE 14 
Exploration of Group Differences- Skinfold Based Weight Groups 
          
 
Highest skinfold 
sums 
Lowest skinfold 
sums   
 n=5 n=5   
 m (s) m (s) ES 
      
Mean sum of skinfold 69.4 32.89 22.8 2.28  
 
     
Mean accelerometer 
counts 2285.82 1023.46 2270.13 1563.63 0.01 
 
     
      
 
  
53 
TABLE 15 
Exploration of Group Differences- BMI and Skinfold based Weight Groups 
          
 Highest ranking Lowest Ranking  
 n=5 n=5   
 m (s) m (s) ES 
      
Mean ranking for BMI and 
skinfold 42.15 2 6.6 3.17  
 
     
TGMD-2 locomotor subtest 
scores 29 6.56 31 8.03 0.3 
 
     
 
         
 Highest ranking Lowest Ranking  
 N=5 N=5   
 m (s) m (s) ES 
      
Mean ranking for BMI and 
skinfold 40.65 2.53 6.6 3.17  
 
     
Mean accelerometer counts 2046.96 1100.84 2957.01 1814.67 0.68 
 
     
 
         
 Highest ranking Lowest Ranking  
 N=5 N=5   
 m (s) m (s) ES 
      
Mean ranking for BMI and 
skinfold 39.95 3.24 6.6 3.17  
 
     
Mean intensity observation 1.96 0.21 2.01 0.06 0.36 
 
  
54 
References 
 
Center for Disease Control. (2003). Physical activity levels among children aged 9-13 
 years- United States, 2002. Morbidity and Mortality Weekly Report, 52, 785-788. 
Center for Disease Control. (2006). Prevalence of overweight and obesity in Iowa.  Iowa 
 Department of Public Health, Iowans Fit for Life. 
Dietz, W. (2004). The effects of physical activity on obesity. Quest, 56, 134-145. 
Eti, C., Komiya, S., Nakao, T. & Kikkawa, K. (2004) Validity of body mass index and fat 
mass index as an indicator of obesity in children aged 3-5 year. Journal pf 
Physiological Anthropology and Applied Human Science, 23, 25-30 
Fairweather, S.C., Reilly, J.J., Grant, S., & Paton, J.Y. (1999). Using the CSA activity  
 monitor in pre-school children. Pediatric Exercise Science, 11, 413-420 
Finn, K., Johannsen, N., & Specker, B. (2002). Factors associated with physical activity in 
 preschool children. The Journal of Pediatrics, 140, 81-85. 
Fisher, A., Reilly J.J., Kelly, L.A., Montgomery, C., Williamson, A., Paton, J.Y., & 
 Grant, S. (2005). Fundamental movement skills and habitual physical activity in 
 young  children. Medicine and Science in Sports and Exercise, 37, 684- 688. 
Ford, E.S., Merritt, R.K., Heath, G.W., Powell, K.E., Washburn, R.A., Kriska, A., & 
 Haile, G. (1991). Physical activity behaviors in lower and higher socioeconomic 
 status populations. Journal of Epidemiology, 133, 1246-1256. 
Goran, M.I., Driscoll, P., Johnson, R., Nagy, T.R., & Hunter, G. (1996). Cross-calibration 
 of body composition techniques against dual-energy X-ray absorptiometry in 
 young  children. American Journal of Clinical Nutrition, 63, 299-305. 
  
55 
Graf, C., Kock, B., Kretschmann-Kandel, E., Falkowski, G., Christ, H., Coburger, S., 
 Lehmacher, W., Bjarnason-Wehrens, B., Platen, P., Tpkarski, W., Predel, H., & 
 Dordel, S. (2004). Correlation between BMI, leisure habits and motor abilities in 
 childhood. International Journal of Obesity, 28, 22-26. 
Hume, C., Okely, A., Bagley, S., Telford, A., Booth, M., Crawford, D., & Salmon, J. (2008). 
 Does weight status influence association between children’s fundamental movement 
 skills and physical activity? Research Quarterly for Exercise and Sport, 79, 158-165. 
Kelly, L.A., Reilly, J.J., Fisher, A., Montgomery, C., Williamson, A. McColl, J.H., Paton. 
 J.Y., & Grant, S. (2006). Effects of socioeconomic status on objectively measured 
 physical activity. Archives of Disease in Childhood, 91, 35-38. 
Klesges, R.C., Klesges, L.M., Eck, L.H., & Shelton, M.L. (1995). A longitudinal analysis 
 of accelerated weight gain in preschool children. Pediatrics, 95, 126-130. 
Jackson, D.M., Reilly, J.J., Kelly, L.A., Montgomery, C., Grant, S., & Paton, J.Y. (2003). 
 Objectively measured physical activity in a representative sample of 3-to-4 year-old 
 children. Obesity Research, 11, 420-425. 
Lee, J.M., Appugliese, D., Kaciroti, N., Corwyn, R.F., Bradley, R.H., & Lumeng, J.C. 
 (2007). Weight status in young girls and the onset of puberty. Pediatrics, 119,   
 624-630. 
Lohman, T.G., Roche, A.F., & Martorell, R. (1998). Anthropometric Standardization 
 Reference Manual .Champaign IL: Human Kinetics. 
McKenzie, T.L. (2002). System for observing play and leisure activity in youth. Retrieved 
 on August 8, 2007 from http://www.rohan.sdsu.edu/faculty/sallis/ 
 SOPLAYprotocol.pdf. 
  
56 
McKenzie, T.L., Sallis, J.F., Nader, P.R., Broyles, S.L., & Nelson, J.A. (1992). Anglo- and 
 Mexican-American preschoolers at home and at recess: activity patterns and 
 environmental influences. Journal of Developmental Behavior in Pediatrics, 13, 
 173-180. 
Mei, Z., Scanlon, K.S., Grummer-Strawn, L.M., Freedman, D.S., Yip, R., and 
 Trowbridge, F.L. (1998). Increasing prevalence of overweight among US low 
 income preschool children: The Centers for Disease Control and Prevention 
 Pediatric Nutrition Surveillance, 1983 to 1995. Pediatrics, 101, 12-18. 
Meredith, M.D., &  Welk, G.J. (Eds.). (2007).  FitnessGram & ActivityGram Test 
 Administration Manual. Champaign, IL: Human Kinetics. 
Morris, A.M., Williams, J.M., Atwater, A.E., & Wilmore, J.H. (1982). Age and sex 
 differences in motor performance of 3 through 6 year old children. Research 
 Quarterly for Exercise and Sport, 53, 214-221. 
National Academy of Sciences. (2007). Adequacy of evidence for physical activity 
 guidelines development: workshop summary. Retrieved on March 2, 2007 from 
 www.nap.edu/catalog/11819.html. 
National Association for Sport and Physical Education. (2002). Active Start: A Statement 
 of Physical Activity Guidelines for Children Birth to Five Years. Retrieved on 
 March 19, 2007 from  www.aahperd.org/naspe. 
 Nelson, J.A., Carpenter, K., & Chiasson, M.A. (2006). Diet, Activity and Overweight 
 Among Preschool-Age Children Enrolled in the Special Supplemental Nutrition 
 Program for Women, Infants and Children. Preventing Chronic Disease. Retrieved 
 on March 2, 2007 from www.cdc.gov/pcd/issues/ 2006/ apr/05_0135.htm. 
  
57 
Okely, A.D., Booth, M.L., Chey, T. (2004). Relationship between body composition and 
 fundamental movement skills among children and adolescents. Research Quarterly 
 for Exercise and Sport, 75, 238-247. 
Pate, R.R., Pfeiffer, K.A., Trost, S.G., Ziegler, P., & Dowda, M. (2004). Physical activity 
 among children attending preschool. Pediatrics, 144, 1258-1263. 
Polhamus, B., Thompson, D., Dalenius, K., Boreland, E., Smith, B., Grummer-Strawn, L. 
 (2006). Pediatric Nutrition Surveillance 2004 Report.  U.S. Department of Health  and 
 Human Services, Centers for Disease Control and Prevention. 
Reilly, J.J., Kelly, L., Montgomery, C., Williamson, A., Fisher, A., McColl, J.H., Lo 
 Conte, R., Paton, J., & Grant, S. (2006). Physical activity to prevent obesity in 
 young children; cluster randomized  controlled trial. British Medicine Journal, 
 333, 1041-1043. 
Serdula, M.K., Ivery, D., Coates, R.J., Freedman, D.S., Williamson, D.F., & Byers, T. 
 (1993). Do obese children become obese adults? A review of the literature. 
 Preventative Medicine, 22, 167-177. 
Slyper, A.H. (1998). Childhood obesity, adipose tissue distribution, and the pediatric 
 practitioner. Pediatrics, 102, 4-13. 
Stodden. D.F., Goodway, J.D., Langendorfer, S.J., Roberton, M.A., Rudisill, M.E., Garcia, 
 C., & Garcia, L.E. (2008). A developmental perspective on the role of motor skill 
 competence in physical activity; an emergent relationship. Quest, 60, 290-306. 
Strauss, R.S., & Knight, J. (1999). Influence of home environment on the development of 
 obesity in children. Pediatrics, 103, e85. 
  
58 
Thomas, J.R., and French, K.E. (1984). Gender differences in motor performance: a neta-
 analysis. Psychological Bulletin, 1985, 260-282.  
Thomas, K.T., Lee, A.M., & Thomas, J.R. (2008). Physical Education Methods for 
 Elementary Teachers. Champaign, IL: Human Kinetics. 
Troiano, R.P., & Flegal, K.M. (1998). Overweight children and adolescents: description, 
 epidemiology, and demographics. Pediatrics, 101, 497-504. 
Trost, S.G., Kerr, L.M., Ward, D.S., & Pate, R.R. (2001). Physical activity and 
 determinants of physical activity in obese and non-obese children. International 
 Journal of Obesity, 25. 
Trost, S.G., Sirard, J.R., Dowda, M., & Pate, R.R. (2003). Physical activity in overweight 
 and nonoverweight preschool children. International Journal of Obesity, 27, 834-
 839. 
Trost, S.G., Ward, D.S., Moorehead, S.M., Watson, P.D., Riner, W., & Burke, J.R. 
 (1998). Validity of the computer science and applications (csa) activity monitor in 
 children. Medicine and Science in Sport and Exercise, 30, 629-633. 
Ulrich, D. (2000). Test of Gross Motor Development- Second Edition. Austin, TX. Pro-Ed. 
Wells, J.C.K. (2000). A hattori chart analysis of body mass index in infants and children. 
International Journal of Obesity, 24, 325-329. 
Wrotniak, B.H., Epstein, L.H., Dorn, J.M., Jones, K.E., Kondilis, V.A. (2006). Relationship 
between motor proficiency and physical activity in children. Pediatrics, 118, 1758-
1765. 
 
  
59 
Appendix A 
Motor Skill Process Assessment: TGMD-2 score sheet 
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Appendix B 
Motor Skill Performance (Outcome) Assessments 
 
Underhand Roll 
 
Participants will roll a tennis ball underhand from twenty feet away through two cones that 
are four feet apart.  Participants will roll the ball three times, and a score will be tallied based 
on whether the ball went through the cones or not.  A ball that hits the cones will not be 
counted.  A participant who successfully rolls the tennis ball through the cone will receive a 
1.  The participant will receive a 0 if the ball hits the cones or does not go through the cones. 
 
 
 
Starting line 
  20 feet 
4 feet 
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Kick 
 
Participants will kick an 8.5 inch playground ball through cones that are four feet apart.  
They will kick the ball from twenty feet away, and will be given a ten foot running start.  The 
participant will kick the ball three times, and will be scored based on whether the ball went 
through the cones or not.  Balls that hit the cones will not be counted.  If the participant 
successfully kicks the ball through the cones, they will receive a 1.  If the ball hits the cones 
or does not go through the cones, the participant will receive a 0. 
                 
Kicking line 
  20 feet 
4 feet 
Start line 
  10 feet 
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Catch 
 
The participants will catch a four inch plastic ball tossed be a researcher fifteen feet away.  
Each participant will receive a total of three tosses.  If the ball hits the ground, the participant 
will receive a 0, and if they catch the ball they will receive a 1. 
 
 
 
 
 
Overhand Throw 
 
Participants will throw a tennis ball overhand as far as possible.  Participants must use one 
hand and the throw must be in a positive direction.  Throws that so not meet the 
qualifications of an overhand throw will be counted as 0.  Participants will complete three 
trials.  Throws will be measured to the nearest inch. 
 
  Positive Throw 
  Participant 
  Negative Throw 
  Participant 
  15 feet 
        Researcher 
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Striking a Stationary Ball 
 
Participants will strike a three inch hard foam ball with a bat off of a tee.  The distance the 
ball travels before hitting the ground in a positive direction will be measured using a tape 
measure.   Contact must be made with the ball for the distance to be counted.  If the 
participant hits only the tee, misses the ball, or hits the ball in a negative direction (behind 
him/herself), then a zero will be recorded for the distance of that trial.  Three trials will be 
conducted for each participant.   
 
 
 
 
 
 
 
 
 
  Negative distance, 0 score 
  Positive distance 
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Stationary Dribble 
 
Participants will dribble an 8.5 inch playground ball as many times as possible.  The number 
of dribbles will be counted until the trial ends.  The trial will be terminated when the 
participant no longer exhibits proper dribbling form, i.e. the ball bounces twice, the ball stops 
moving, the participant holds the ball, the participant moves both feet to track down the ball, 
or the participant stops bouncing the ball with only one hand.  Each participant will perform 
three trials. 
 
 
 
 
 
 Run 
 
Participants will run between two cones that are 50 feet apart.  Each participant will perform 
two trials.  A stop watch will be used to record the time (to the nearest tenth of a second) it 
takes each participant to run 50 
feet.
 
 
  50 feet   Start          Finish 
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Gallop 
 
Participants will start at a cone and gallop until they display incorrect galloping form, i.e. 
loses rhythmic pattern, switches lead foot or crosses trailing foot in front of lead foot.  The 
distance from the starting cone to where the participant broke form will be measured to the 
nearest inch.  Participants may choose his/her lead foot. The maximum distance the 
participant will gallop is 25 feet. 
 
 
Slide 
 
Participants will follow the same protocol for the slide test.  Incorrect slide form may 
include: shoulders facing cones, trailing foot crossing in front of lead foot or switching lead 
foot.  Two trials will be performed using the right foot as the lead foot, and two trials will be 
performed using the left foot as the lead foot.  
 
 
 
 
 
  Total distance: 25 feet   Start          Finish 
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Hop 
 
Participants will stand on one foot and hop up and down as many times as possible.  The 
number of hops will be counted until the participant stops hopping or puts the non hopping 
foot on the floor.  Two trials will be completed for both the right foot and the left foot. 
 
 
 
Horizontal Jump 
 
Participants will stand on a line, jump of off both feet as far as possible, and land on both 
feet.  Each participant will complete two trails.  The distance jumped will be measured to the 
nearest inch. 
 
 
 
 
 
 
  Starting Line 
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Leap 
 
Participants will leap off of one foot as far as possible over a bean bag.  A start line will be 
marked of ten feet behind the bean bag.  Participants will be given a ten foot running start.  
The distance of the leap will be measured in inches from the spot where the participant left 
the ground to the participant’s landing.  Each participant will complete two trials. 
 
 
 
 
 
  10 feet 
  Starting Line 
  Bean Bag 
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 Appendix C 
Policy Review 
 
*Modified from Iowa Team Nutrition Checklist 
 
  
Always 
(2) 
Sometimes 
(1) 
Never 
(0) 
Our center has a physical activity policy in 
writing. 
  
 
  
We provide parents with information about 
how to foster physical activity at home. 
      
We regularly communicate with parents 
about physical activity choices of their 
children. 
      
Adults join in physical activities with children 
while providing adequate supervision. 
      
Physical activity is not used as an incentive 
or punishment. 
      
Children with special needs have their 
physical activity needs taken into account. 
      
We take advantage of many opportunities 
during the day to teach children about 
physical activity. 
      
Our activities and equipment and facilities 
are developmentally appropriate and safe 
and are based on the National Association 
for Sport and Physical Activity guidelines for 
young children. 
      
We have a physical activity curriculum.                       
      
Our program included play and planned 
movement experiences, both indoors and 
outdoors. 
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Appendix D 
Teacher Interview 
 
1) How much physical activity play time do the children have each day? 
 
2) How much structured physical activity time do the children have each day? 
 
3)  Can you give me an example of something you might do with the children during this 
time? 
 
4) Does your preschool center have a physical activity policy? 
 
5) How well is the policy followed throughout the center? 
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Appendix E 
 
 
 
School ID: _______  Date: ___/___/___   Observer ID#:____ 
 
Reliability: No Yes  Temperature: _____°F Period: _____ 
 
 
Start time 
 
Area 
Condition1 
A   U   S   O   E 
Girls 
S  W  V act.2 
Boys 
S  W  V act. 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N  
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N  
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
    ____:____ 
 
      Y   Y    Y   Y   Y 
     N   N   N   N  N 
 
___ ___ ___ 
___ 
 
___ ___ ___ 
___ 
 
                                                 
1
 A=Accessible U=Usable S=Supervised O=Organized E=Equipment provided S=Sedentary 
W=Walking V=Very active Act.= Prominent activity 
2
 0=Not identifiable 1=aerobics 2=baseball 3=basketball 4=dance 5=football 6=gymnastics 7=martial 
arts 8=racket sports 9=soccer 10=swimming 11=volleyball 12=weight training 13=other playground 
games 15=riding toy 16=climber 17=sand play 18=push toy 19= tumbling 20=crawling 
SOPLAY 
(System for Observing Play and Leisure Activity in Youth) 
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Appendix F 
Consent Forms 
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Appendix G 
Additional Material 
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TABLE 2A continued 
TGMD-2 Motor Skill Scores by Age and Gender 
 
 3 years old 4 years old 
     
 N=15 N=30 
 m (s) m (s) 
Run (of 8) 5.67  (1.50) 6.93  (1.31) 
 
    
Gallop (of 8) 4.87  (2.77) 5.83  (2.20) 
 
    
Slide (of 8) 3.07  (2.15) 5.07  (2.27) 
 
    
Hop (of 10) 2.80  (3.19) 6.23  (3.52) 
 
    
Jump (of 8) 5.60  (1.92) 5.93  (2.13) 
 
    
Leap (of 6) 4.53  (2.33) 4.70  (1.42) 
 
    
Locomotor 
Total (of 48) 24.93  (6.32) 32.20  (7.06) 
 
    
Throw (of 8) 2.20  (1.52) 3.21* (2.68) 
 
    
Strike (of 8) 4.80  (3.14) 6.77  (2.27) 
 
    
Dribble (of 8) 1.20  (1.66) 2.73  (2.77) 
 
    
Catch (of 6) 3.53  (1.55) 3.69* (1.28) 
 
    
Roll (of 8) 2.87  (2.23) 4.32* (1.88) 
 
    
Kick (of 8) 4.87  (2.20) 6.38* (1.72) 
 
    
Manipulative 
Total (of 46) 19.47  (9.67) 26.43* (9.44) 
 
    
 
  *N=29  
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TABLE 2A continued 
TGMD-2 Motor Skill Scores by Age and Gender 
 
 Boys Girls Overall 
             
 N=27 N=18 N=45 
 m (s) m (s) m (s) 
Run (of 8) 6.70  (1.44) 6.22  (1.56) 6.51  (1.49) 
 
      
Gallop (of 8) 5.00  (2.65) 6.28  (1.84) 5.51  (2.42) 
 
      
Slide (of 8) 4.74  (3.10) 3.89  (3.10) 4.40  (3.09) 
 
      
Hop (of 10) 4.89  (3.61) 5.39  (4.05) 5.09  (3.75) 
 
      
Jump (of 8) 5.59  (2.01) 6.17  (2.12) 5.82  (2.05) 
 
      
Leap (of 6) 4.33  (1.84) 5.11  (1.53) 4.64  (1.75) 
 
      
Locomotor 
Total (of 48) 28.85  (7.65) 31.17  (7.49) 29.78  (7.59) 
 
      
Throw (of 8) 3.37  (2.56) 2.06  (1.85) 2.86  (2.38) 
 
      
Strike (of 8) 6.19  (2.91) 6.00  (2.50) 6.11  (2.72) 
 
      
Dribble (of 
8) 2.00  (2.50) 2.56  (2.64) 2.22  (2.54) 
 
      
Catch (of 6) 3.59  (1.50) 3.71* (1.16) 3.64* (1.37) 
 
      
Roll (of 8) 3.48  (2.16) 4.24* (1.95) 3.77* (2.09) 
 
      
Kick (of 8) 5.70  (2.09) 6.12* (1.90) 5.86* (2.01) 
 
      
Manipulative 
Total (of 46) 24.33  (10.54) 23.78* (9.35) 24.11* (9.98) 
 
      
 
  *N=17  *N=44  
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TABLE 2B continued 
Outcome Motor Skill Results by Age and Gender 
 
 3 year olds 4 year olds 
     
 N=15 N=30 
 m (s) m (s) 
Run 
(seconds) 7.58  (1.48) 6.95  (1.37) 
 
    
Gallop 
(feet) 11.93  (10.84) 16.93  (9.62) 
 
    
Slide 
(feet) 7.53  (8.39) 13.33  (10.13) 
 
    
Hop 
(number) 26.67  (10.87) 29.20  (12.84) 
 
    
Jump 
(inches) 4.00  (3.57) 11.83  (12.17) 
 
    
Leap 
(inches) 27.47  (10.43) 27.37  (11.40) 
 
    
 
    
Throw 
(inches) 174.33  (67.14) 224.93  (100.21) 
 
    
Strike 
(inches) 68.67  (42.66) 80.43  (50.73) 
 
    
Dribble 
(number) 4.27  (5.30) 5.20  (5.34) 
 
    
Catch 
(out of 3) 0.67  (0.62) 0.77  (0.94) 
 
    
Roll (out 
of 3) 0.80  (0.77) 1.33  (0.99) 
 
    
Kick (out 
of 3) 0.87  (0.92) 1.07  (0.83) 
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TABLE 2B continued 
Outcome Motor Skill Results by Age and Gender 
 
 Boys Girls Overall 
             
 N=27 N=18 N=45 
 m (s) m (s) m (s) 
Run 
(seconds) 6.98  (1.49) 7.44  (1.32) 7.16  (1.43) 
 
      
Gallop 
(feet) 12.85  (10.40) 18.89  (8.98) 15.27  (10.20) 
 
      
Slide 
(feet) 12.93  (9.53) 9.11  (10.24) 11.40  (9.89) 
 
      
Hop 
(number) 26.78  (12.46) 30.72  (11.62) 28.36  (12.16) 
 
      
Jump 
(inches) 9.07  (10.37) 9.44  (11.61) 9.22  (10.75) 
 
      
Leap 
(inches) 26.63  (12.08) 28.56  (9.26) 27.40  (10.97) 
 
      
 
      
Throw 
(inches) 219.07  (113.27) 191.56  (47.36) 208.07  (92.92) 
 
      
Strike 
(inches) 70.93  (46.65) 84.89  (50.18) 76.51  (48.03) 
 
      
Dribble 
(number) 4.67  (5.81) 5.22  (4.52) 4.89  (5.28) 
 
      
Catch 
(out of 3) 0.70  (0.87) 0.78  (0.81) 0.73  (0.84) 
 
      
Roll (out 
of 3) 1.15  (0.86) 1.17  (1.10) 1.16  (0.95) 
 
      
Kick (out 
of 3) 0.81  (0.79) 1.28  (0.89) 1.00  (0.85) 
 
      
 
  
87 
TGMD-2 Percentile Distribution
0
1
2
3
4
5
6
7
8
0-1
0
11
-
20
.
21
-
30
31
-
40
41
-
50
51
-
60
61
-
70
71
-
80
81
-
90
91
-
10
0
Percentile
N
u
m
be
r 
o
f C
hi
ld
re
n
Normal Weight
Overweight
 
